Ras-mediated activation of ERK by cisplatin induces cell death independently of p53 in osteosarcoma and neuroblastoma cell lines.
Activation of the mitogen-activated protein kinases ERK1/2 by the chemotherapeutic agent cisplatin has been shown to result in either survival or cell death. The downstream mediators of these opposing effects are unknown, as are the upstream signaling molecules. Activation of ERK is required for accumulation and phosphorylation of p53 following cisplatin treatment. We studied the role of ERK activation after cisplatin treatment under p53-negative and p53-positive conditions using a tetracycline-dependent expression vector in Saos-2 osteosarcoma cells. Dose-dependent activation of ERK first occurred 3-6 h after a 2-h cisplatin incubation and declined after 12-24 h in several tumor cell lines. Incubation of cell lines with the MEK1 inhibitors PD98059 or UO126 after, but not during, cisplatin treatment completely inhibited cisplatin-induced activation of ERK. The activation of ERK by cisplatin was inhibited by transient transfection with dominant-negative Ras-N17 in Saos-2 cells. Treatment of cells with PD98059 or UO126 after cisplatin incubation or inhibition of signaling through ERK by tetracycline-regulated expression of dominant-inhibitory ERK enhanced resistance to cisplatin in p53-negative osteosarcoma cells and reduced cisplatin-induced apoptosis. P53 was stabilized and phosphorylated in a MEK1-dependent manner after cisplatin incubation in Kelly neuroblastoma cells. Inhibition of signaling through ERK increased cell survival after cisplatin treatment in these cells as well. Expression of functional p53 did not change the proapoptotic effects of ERK activation in response to cisplatin in Saos-2 cells. Our results suggest that cisplatin-induced activation of ERK is mediated by Ras. ERK activation increased cisplatin-induced cell death independently of p53 in osteosarcoma and neuroblastoma cell lines.